
{' nam magnetic carrier in the sheeted dike 
Jfaesahs, did iOt form simply by QTtriadort- 
$ 'exsoluttan, as has commonly been assigned 
(6, 22, 26). The natural remanent magne- 
tisation (NRM) of the sbeetedVdifce basalts 
was presumably acquired by die singjbdo- 
msin Tl-bearfng magnetite (the ho* t after 
jdaonirion) durtog ttddal cooling. This was 
dhuennoremaneat magnetbadon (TRM) 
was then modified by chemical terna- 
MMgnft iaathw of leciystallfard end- 
magnetite daring by dio thermal al- 
near the' threading center. The 
cooling and hydrodiennal alnprartoo 
go have taken place soon after die 
of basalts; therefore, the NRM 
}]jfeflec£8 the original geomagnetic field diiec- 
'don (6). 

The thickness of the source layers re- 
sponsible for the sea-floor magnetic anom- 
alies has long been debated and has been 
***rtrmkrmA as extending from the uppermost 
500 to 1000 m (pillow basalts, layer 2A) of 
the oceanic crust to depths of ~-8 km 
[essentially the entire oceanic crust) (3, 7, 
f; 28). The results of studies of magnetic 
of sheeted dike basalts recovered 
DSDP, tWi holes suggest that the 
dike complex (layer 2B) contrib- 
sjgnffifflpjdy tp, sea-^ppr magnetic 
(6, 26, 29). However, magnetic 
from ocean gabbros indicate that the 
magnetic anomalies originated pardy 
die gabbto layer (layer 3) (29-31). We 
ire shown that single-domain, end-mera- 
liej magnetite, an efficient and stable carrier 
^ YRM, is responsible for the magnetic 
^ fopetUes in the upper levels (depths of 
r^t30 m to at least ~1125 m within the 
ineous basement) of the sheeted dike com* 
«,plex at stse 504B- The resultant NRM 
intensity of the sheeted dike basalts fs on 
the same order as that of the pillow basalts 
at site 504B (6, 8, 12). We therefore 
tide that the upper sheeted dike ba- 
salts from DSDP hole 504B ate a significant 
source of sea-floor magnetic anomalies. 
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Induction of Apopfpsis by the low-Affinity 
NGF Receptor 

Shahrooz Rabfzadeh, Justin Oh, LMao Zhong t Jte Yang, 
Catherine M. Bitter, Larry L Butcher, Dale E. Bredesen* 

Netve growth factor (NGF) binding to cellular receptors is required for the survival of some 
neural cells. In contrast to Trk A, the high-affinity NGF receptor that transduoes NGF signals 
for survival and dffierentiation, the function of the low-affinity NGF receptor, pTS* 3 ^, 
remains uncertain. Expression of p75 N ^ PR induced neural cell deiafh atiistftutively when 
pT^MOFR unbound; binding by NGF or monodonal embody. hcaWvsjr, inhBifted oefl 
death induced by p75 N ^ JR . Thus, expression of p75* IOFR may axpialn t he depen dence of 
sorne neural «Cscyi NGF for ffljrvivalT^ 

funct!or^ simlla/ittt^s to other members of a euperfanitiy ol receptors thtf 
necrosis factor receptors, Fas (Apo-1), and CD40. c 



^Trowdbi factom such, as NOP enhance the 
survival of cells displaying the 
tecepton* The effects of NGF are i 
ax least in part by Trie A, the hlgh-effiziity 
NGF receptor, which is a ryrosiae kinase 
(I)* The bw-affinicy NGF xeceptstv 
p75 NOfR ,' is a receptor of ^completely 
chaxaccerized njacdon: p75**** has been 
shown co increase the affinity of Trfc A for 
NGF (1) and co enhanrr dbe sperffirity of 

& Rapfaadsh, C Zhong. J. Yang, O u p ar sment of 
Neurology. Unhmtty of Oanbnrsa. Los Anootoa. CA 
90024. 

J. Oh and L L Butcher. Departmeni aS Psychofcioy, 
Vri^eT^iaC^r^{joaA^e£.CA900^. 
C %L B9ar t Stanford Research InstSuta, Menlo Park, 
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Ular Otology Institute. UntvenUty of CofSoniM, Los 
Anoate.OA900B4. 
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the Trie family of cccepoors fx neinoeco- 
phios (2). has some sequence 

sjmflniity cd the tumor pe ciusi s fisctox re> 
cepujis fTNFR I (3) and TNFR H (4)1, the 
human cell suzmce antigen Fas (Apo-1) 
(40»andtheBceOsaod[8en CD4O (6), all of 
which tnwtiatff cell oVath> In dbe case of 
TNFR I and Fas, tending of the receptor by 
If gjmd smt*0y ^4y initiates cell de^th ^. Jq 
the case of CD40, however, bmdtng by 
monoclonal andbody (mAb) or bgand in- 
hibloi cell death (6). Thus, some cells 
expressing CO40 axe dependent on Ugand 
or mAb binding £or survival. Because of 
structural and fitn^a aa l analogies between 
the CD40 and pl9***> sysoemSft the possi- 
bilky chat plS**** serves as a constitutive 
cell o Vfi^lf pfiw^o^f^g molecule that Is in~ 
hiHted by NGF Hxxitogvas evaluaoecL 
We expressed p75**^** tn tempcrature- 
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Rg. 1. Expression of rat 
p75 N9F» transacted 
conditionally immortal- 
ized neural celts {28), 
(A) Northern bkxdernon- 
straimgtaok of Irk A and 
p75 NOT expression by 
CSM 14.1 eels. pTV*"* 
expression was demon- 
strated after transfe cfion 
by pBafoe-pun>p75*s ,! ". 
Lone 1, CSM 14.1 trans- 
fected wiih pBabe-puro- 
p75mFH and grDwn | n 6erum-cx3ntaining medium without NGF; lane 2, CSM 
14.1 tr a nsfected wfth pBabe-puro-p75 NQm and grown in medium wfth 
s8rumandfsr3F(2nM):iarte3, CSM 14.1 transfected wfth pBabe-puro and 
grown in senirn-oontalning medium without NGF; lane 4, CSM 14.1 trans- 
fected with pBabe-puro and grown in medium wiih serum and NGF (2 nM); 
and lane 5, PC12 control. No© that the endogenous trartscrtpttn PCI 2 cate 
13.7 kb {29)] is shorter than me transcript In the pBabo-pun>p75 NaFfl - 




transfected ceBs (predicted to be 4-3 kb), and that treatment of the CSM 
14.1 cells wflh NGF did not result in pTS** 3 * eoqpresston (lanes 2 and 4). 
Lanes 1 through 4 contained 25 »*g of total RN& lane 6 contained 10 « of 
total RNA. (B) trnrnuriocytochernteDy of CSM 14.1 ceils transfected with 
pBabe-puro-pTS" 8 ** (85 ± 11% of cells expressed p75 NOF *). (C) Immu- 
nocytocnemistry of CSM cells transfected wdh pBsbe-puro (0.6 ± 
0-5% of the ceds expressed p75 NOT ). Magnitorion. x*00. 



sensitive immortalized neural cells (7) fay 
means of a retroviral vector, pBabe^puro- 
p75 NOFa (g) (Rg. i). Control cells rzans- 
fected with pBabe-puro expressed neither 
p75 NOfR nor Trk A (Fig- 1)- In cells cul- 
tured in medium containing serum, expres- 
don of p75 NOr ^ had no effect on cell death, 
but when serum was withdrawn to induce 
apoptosis (9), expression of pIS** 0 ** led to 
an increase in neural cell death (Rg- 2). 
However, if NGF (5 nM) was added, not 
only was the negative effect on cell survival 
suppressed, hut the cells had a death rate less 
charj that of control cells transfected with 
the identical vector lacking the p75 NCPR 
sequence (Fig. 2) . Binding of p75 NGFR by a 
mAb also suppressed the enhancement of 
neural cell death by p75 Nam , but led to less 
uupiuvtu i renr of cell survival than did NGF 
(Rg. 2). Addition of a control mAb did not 
affect cdl survival (Fig. 2). Neither NGF 
not mAb affected survival of the control 
cells (Fig* 2). 

We demonstrated that the type of cell 
death induced by p7S NOfR was apoptotic by 
expressing p75 Nt * R to the R2 cell line, a 
coruiitionaUy immortalised cerebellar neu- 
ral line (10) that, in the absence of 
p75*<^ expression, not un^^ 
tnsis in serum-free medium. As shown in 
Fig. 3, expression of p75 NOFR by the R2 cell 
line led to virtually complete cell death in 
serum-free medium, with the nuclear frag- 
mentation, chromatin condensa t ion, and 
homogeneous nuclear staining that are 
characteristic of apoptosis but not necrosis 
(II). Control R2 transfectants survived 
well in serum-free me diu m (Fig. 3). 

It was possible that the mediation of 
neural cell death by p75 NCFR might have 
been a result of the vector-driven expres- 
sion of p75 NOT in neural cells that do not 
express endogenous p75 NOFR . Therefore, 
PC12 pheochromocytoma cells, which ex- 
press p75 KGFR (Fig- 1) and undergo apop- 
totic cell death after serum withdrawal 




.Ttm» 2 (daya) 

Rg. 2. Enhancement of neural cell daath in cells expressing pzs**^. CSM 14.1 cells (7) were 
grown in OMEM wfth FBS (10%) at 34°C and then switched to the restrictive temperature of 39°C for 
36 hours. Cell death was then Induced by replacement of the medium with serum-free DMEM [either 
alone or in combination with NGF (5 nM)]. and cell viability was determined each day for 4 days. 
Viable ceils were identified by trypan blue exclusion and by propidium iodide fluorescence. 
Differences between oeils expressing pzs**^ and control ceils were highly statistically significant 
(P- 0.0001 by two-way analysis of variance, n ^ 5, from four different stable transfections of each 
piasmid). Error bans represent standard deviations. (A) Effect of serum-free medium on viability of 
cells expressing p75 N0,!n in oornparfson to control ceils. Squares, ceU transfected wiih pBabe-puro- 
pTe" 0 **; Circles, cells transfected wfth pBabe-puro; Wangles, cells transfected with pBabe-puo- 
p75 NCW \ grown In medium with 10% serum; diamonds, cells transfecmd wfth pBabe-puro, grown 
In medium with 10% serum. (B) Effect of NGF (5 nM) and rnonoctonal antibodies (io pg/rnQ on cells 
expressing pitf**** (closed bars) and control cells (open bars). Control mAb was directed against 
human p53 (arr&pS3) (10 fig/mi) (Pharmingen). Each pair showed a highly significant difference (P 
< 0.01 by paired/ test, n » 3), except the mAb to p/S**™ (arri-p75) (P < 0.05) and the controls 
(no significant difference). 



{12) 9 were studied. In the presence of mAb 
binding to p75 NOFR (10 u-g/ml), the num- 
ber of cells undergoing cell death after 
serum withdrawal for 3 days was decreased 
from 78 ± 8% to 13 * 4% (P < 0.01 by 
paired t test, n « 3), whereas the same 
concentration of control mAb did not affect 
cell survival. Furthermore, mutant PC 12 
cells lacking expression of p75 OTFR (13) 
underwent very little cell death in serum- 
free medium (12 ± 6% cell death after 3 
days of serum-free medium, n ~ 4), whereas 
mutant PC12 cells derived in parallel (23) 
that retained expression of p75 NOFR also 
retained the characteristic of undergoing 
cell death in response to serum withdrawal 



(50 ± 15% cell death after 3 days of 
serum-free medium, n =» 4; P < 0.0 1 by 
paired t «t)- As an additional contrcU 
another plasma membrane protein, 0-amv- 
loid precursor protein 0-APP 75t ), was ex- 
pressed with the pBabe-puro expression 
vector in the same conditionally immortal- 
ized neural cell line (CSM 14.1), without 
effect on apoptosis (14). This does not 
exclude the possibility that the expression 
of other proteins may enhance apoptosis. 

Although both NGF and mAb directed 
against p75 HO * R enhanced cell survival, 
mid although Trk A is not expressed by 
CSM 14.1 cells (Fig. 1A), it was possible 
chat NGF inhibited the death of tempera' 
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3. Apoptosis in R2 cells (10) transfected wttrr pBabe-puro-p75 N8FF \ but not in R2 cells 
! with pBabe-puro. Cells were grown In DMEM wfih FBS (10%) at 34°C. seeded at a 
f of 5 x 10* cells/cm 2 , and placed at 39°C in eerum-free medium. After 6 days in serum-free 
Kmedium. propJdium iodide was added at a concentration of 10 pM and cells were viewed wfih a 
K' Zeiss Aadovert microscope. (A and 0) R2 cells transfected with p8abe~puro. (C and D) R2 oells 
^transfected with pBatoe-puro-p75 WQFn . (A and C) Phase oontrast (B and D) Fluorescence. In (D). 
Jmany nuclei are fragmented, which is characteristic of ap op to sis (single arrows mark some 
. examples); other nuotei are homogeneously stained* also characteristic of apoptosis. The only 
[example of a nonapoptotic nucleus tn thts field is der<^ ty a double arrow. Magnification. x320. 



I'cufe-scosidye immonalizcd neural cells ex* 
{pressing p75 KOFR by binding to the high- 
f affinity receptor [dissociation constant (K^) 
' ~ 2 3 X KT» M (i5)] rather than the 
: low-affinity receptor PC « 1.7 X 10" 9 M 
(15)). Therefore, several concentrations of 
; NGF were tested. The inhibition of cell 
' death by NGF In this cell line was minimal 
' at concentrations of NGF that bind only 
the high-affinity NGF receptor significantly 
(Fig. 4). In contrast, concentrations of 
: NOT equaling or exceeding the affinity 
^ constant for binding to the low-affinity 
« receptor increased cell survival (Fig. 4). 
* Survival of control CSM 14.1 cells trans- 
gfecced with the expression construct lacking 
f the p75**** open reading frame was not 
increased by NGF (Fig. 4). 

Thus, the expression of $75**°** result- 
: ed In an enhancement of neural cell death 



in serum-free medium when p75 NOPR was 
not bound by ligand or antibpdy, whereas 
enhancement of survival beyond that of 
controls occurred with binding of the recep- 
tor. This dfcehotomous response defines a 
previously und escribed type of receptor 
function within the nervous system. This 
effect of plSP 0 ** may account for the feet 
that some cells become dependent for their 
survival on the binding of NGF. Early 
neural cell precursors are independent of 
NGF, but during development specific neu- 
ral cells become dependent on NGF (16). 
Increased expression of 075"°**, which has 
been shown to occur during development 
(17)* could conceivably effect such a 
switch. Although binding of NGF to Trk A 
enhances cellular survival and differentia* 
don (J), active Induction of cell death in 
the absence of NGF may also occur, and 



5 20 60 

Ftg. 4. Inhibition of conditionally immortalized 
neunti cefl death by various concentrations of 
NGF, CSM 14.1 ceils were grown as described 
in Fig. 2. Ssrum-free medium included (he 
indicated conce n tr ati on s of NGF. Error bars 
represent standard deviations (n - 3)* 



this may be mediated at least in part by 
p75NCFR jfe type of ^ death induced by 
p75 NOF *>— apoptosis — is the same as that 
induced by growth factor withdrawal (18). 
However, we cannot exclude the possibility 
chat p75 NOFR may under some conditions 
induce necrosis, especially because the 
TNFRs may mediate either apoptosis or 
necrosis (19). Our results suggest an addi- 
tional function for plS** 2 ** in neural cells* 
but have no bearing on the other functions 
ascribed to tfS** 3 ** at on the interaction of 
other neutotrophins, such as brain-derived 
-neurotrophic factor,-wirh plS* 10 **- How- 
ever* the enhancement of neural cell sur- 
vival by binding of NGF or mAb to 
p75 NGFR suggests that a similar effect might 
occur when p75 NGFR is bound by other 
neurotrpphins. Neither do the results bear 
on the role of p75 NCFR in the death of 
rum-neuronal ceils, such as astrocytes or 
developing renal cells* 

Somewhat similar r e ceptors have been 
described, including the TNFRs, FAS (Ape- 
1), and CD40. These molecules show gen- 
eral structural similarity to p75 NO * rR f with 
similar extracellular cysteine-rich pseudo- 
repeats and a single transmembrane dnrn ain 
(20). The structural similariry of p75 NO * R to 
the other members of die superfamily occurs 
m the extracellular domain (5), but the 
Junctional similarity may result from the 
transduction of a signal leading to (or inhib- 
iting) cell death. The function of p75 Na3FR is 
analogous to chat of CD40 in that expression 
occurs on developing cells [nuriruy central 
cholinergic, syim^hedc, and sensory neu- 
rons in the case of p75 NOPR , centroblasts and 
centrocytes m the case of CD40 (6)] 9 and 
leads to a requirement for binding if survival 
is to occur. In both cases, binding of the 
receptor leads to improved, but incomplete, 
cell survival (Figs. 2 and 4) (6). Other 
determinants are dearly involved, because 
binding of antigen by developing B cells also 
enhances survival (6), lack of expression of 
CD40 ligand does nor result in a reduction 
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in circulating B cells (2i), and neural cells 
expressing p75 NCFR suivtve in media con- 
taining serum (Fig. 2). T he mechanism by 
which unbound p75 r * 3FR or other members 
of this i c u e yun superfamily lead to neural 
cell death is unknown. H o w e ver , the struc- 
tural and functional relation be tw e en 
p 75NCFR gguj TNFR I and II suggests that 
they may have similar mechanisms of action. 

The highest level of expressio n of 
p75NG3R ^ the central nervous system oc- 
curs in cholinergic neurons of the nucleus 
basalts of Meynert, the cells most severely 
affected in Alzheimer's disease. These cells 
continue go express normal (22) or supra- 
normal (23) amounts of pK** 0 ** mRNA 
and protein during the neuronal degenera- 
tion associated with Alzheimer's disease. In 
contrast* cholinergic cells of die brainstem 
that resemble those of the nucleus basalts 
morphologically, but do not express 
p7 jfcGFR (24) t do not degenerate in Alzhe- 
imer's disease (25). 
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Redundant Mechanisms of Calcium-Induced 
Calcium Release Underlying Calcium Waves During 
Fertilization of Sea Urchin Eggs 

Antony Gallone,* Alex McDougall, William B. Busa, Nick Willmott, 
Isabelle Qillot, Michael Whrtaker 

Propagating Ca 2 * waves are a characteristic feature of Car^^-finked signal transduction 
pathways. IntraceOular Ca 2 * waves are formed by regenerative stimulation of Ca a *retease 
from IntracellLdar stores by Ca 2 * itself. Mechanisms that rely on either Inositol triphos- 
phate or ryanodine receptor channels have been proposed to account for Oa 3,1 " waves In 
various cefl types. Both channel types contributed to the Ca* - " wave during fertlflzatfon of 
sea urchin eggs. Alternative mechanisms of Ca 2 * release Imply redundancy but may also 
allow for modulation and diversity in the generation of Ga?+ waves. 



Transient increases in the concentration of 
calcium ions flCa 2 "*"]^ aa 88 cell signals. In 
general, nSe signal shows spatial and tempo- 
ral inhomogeneity and takes the £onn of 
waves or oftdBattons within the cell (1). 
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Several mechanisms have been proposed co 
account for regenerative Ca*+ release (2). 
Release of Cat 2 * from intemal stores can oe 
stimulated by an increase in (Ca 2 "*")^ this 
process is termed C^ + -induced Ca^ release 
(CICR) (3) . This Ca 1+ release appears to be 
mecbated by Ca 1 * channels in the endopls*' 
mic reticulum (ER) that are sensitive co 
cytoplasmic agonists, to [Ca**L and to the 
amount of C? + in the lumen of the ER (4) . 
Two closely related Ca x+ channels wiA 
dSese properties are the inositol erisphof* 
phase (EPj) receptor (IP^R) (5) and the 
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